SUMMARY An electron microscopic study of 2 cases of epithelial downgrowth after penetrating keratoplasty is presented. Several differences were observed between the normal epithelium and downgrowth epithelium at the ultrastructure level. At the advancing edge of the downgrowth a flattened and fibroblastic endothelium was still present. An interaction area was observed between these 2 tissues. The epithelial downgrowth usually has 5 to 6 layers of cells and either replaces damaged endothelium or destroys it as it advances. The attachment of this downgrowth tissue to the Descemet's membrane at the centre of the graft seemed looser than attachment of a normal epithelium to Bowman's membrane. Near the host-graft junction the downgrowth epithelium, with basement membrane, was tightly attached to a fibrous retrocorneal membrane. Clinical and histological findings suggest that the absence of endothelium assists in the advance of the epithelial downgrowth, but it is not an essential factor. The causes of this downgrowth are thought to be (1) a thin host cornea; (2) incomplete cutting and wound incarceration of Descemet's membrane; and (3) tight sutures with disruption of an old cataract wound.
Epithelial invasion of the anterior chamber is known to occur after cataract surgery and corneal perforations, but it is infrequent after penetrating keratoplasties.1-7 The incidence of this complication in histological specimens of repeated corneal grafts has been reported as 49 %4 or 08%.6 However, in a study of 1500 keratoplasties Sugar et al. 7 found an incidence of 0-27 %.
This paper describes the ultramicroscopic observations in 2 cases of epithelial downgrowth after penetrating keratoplasty and discusses the probable mechanism of epithelial growth on the posterior corneal surface.
Patients and methods CASE REPORTS Case 1. A 40-year-old white female underwent a penetrating keratoplasty for corneal scars on her left eye in 1962 and on the right eye in 1963. An uncomplicated intracapsular cataract extraction was performed on her right eye in 1970. Gradual decompensation of both corneal transplants deve-loped, and in 1978 a repeat penetrating keratoplasty (7 mm) was done in the right eye. In May 1979, when the continuous 10'0' nylon suture was removed, a greyish-white membrane was observed in the upper 1/3 of the graft endothelium. In June 1979 the visual acuity in this eye was 20/100, and the graft was hazy, with an intact epithelium. There was host vascularisation to the scar of the graft, with a prominent vessel at 10 o'clock in an area which appeared to be a fistulous tract covered by epithelium. The intraocular pressure was 10 mmHg. There was a thin whitish membrane comprising two-thirds of the posterior surface of the graft, with sharply demarked festooned edges below the optical axis. Ten days later the leading edge of this membrane had migrated further down toward the 6 o'clock position, where only a small, clear area of the graft was observed (Fig. 1, left ). An 8-0 mm penetrating keratoplasty was performed which included the old scar and the apparent fistulous tract at 10 o'clock. The graft was clear and the visual acuity was improved to 20 (Fig. 1, right) . The graft was slightly decentered upwards to include the previous graft scar and the fistulous tract. Eight months postoperatively the graft was clear and visual acuity was 20/100. The intraocular pressure was 18 mmHg.
METHODS
The specimens obtained at operation were fixed in 2-5% glutaraldehyde and 3% formalin with phosphate buffer (pH 7 2) for 90 minutes, post-fixed in cold 1 % osmium tetroxide with the same buffer for 90 minutes, dehydrated in graded alcohols, and embedded in Epon. Embedded tissues were cut with a Porter-Blum MT-2 microtome and stained with toluidine blue for light microscopy and uranyl acetate and lead citrate for transmission electron microscopy (Zeiss 9S-2). Specimens for scanning electron microscopy (ETEC Omni Scan) were dehydrated in graded alcohols, dried in a critical point machine, placed on aluminium stubs, and coated with gold palladium.
Results
A diagram (Fig. 1) (Fig. 2) . The thickness of the host cornea was about half that of the corneal transplant. Bowman's membrane was absent and the epithelium was irregular. There were fragments of Descemet's membrane incarcerated in the scar and islands of epithelium between scar tissue and strands of Descemet-like membrane material. A retrocorneal fibrous membrane was covered by a multilayered epithelium. Fig. 3a shows the advancing edge of the epithelial downgrowth (Fig. 1, S-2 ). In the stroma, near the Descemet's membrane, some cell infiltration was observed. The membrane had 5-6 layers of epithelium. However, the leading layer was much thicker (about 45 rm) than the trailing. Distance from the free edge of epithelial downgrowth to the advancing edge of the epithelial downgrowth over (Fig. 4) , which corresponded to an old cataract suture placed inside the cornea. Several layers of epithelium covered the suture tract and the posterior surface of the graft and the host cornea.
SCANNING ELECTRON MICROSCOPY
Scanning electron microphotographs of case 1 showed the epithelial tissue growing adjacent to the abnormal looking endothelium, which has lost its hexagonal shape (Fig. 5a ). Case 2 showed that under the free advancing edge of the epithelium there were remnants of endothelial cells, histiocytes, red cells, and melanin pigment (Fig. 5b) . (Fig. 1, S-2 Rfm ¶ epithelium were flat and short and had intracytoplasmic vacuoles, few mitochondria, prominent or rough endoplastic reticulum, and loose attachment to Descemet's membrane. The intercellular space of endothelium was often separated. Fine fibrillar material and basement membrane-like material (Fig. 12b) were observed in the intercellular spaces of the downgrowth epithelium.
At more advanced areas than Fig. 6 shows between the epithelium and the endothelium there were monocytes or a few lymphocytes attached to either tissue (Fig. 7) . In their cytoplasma lysosomes and some debris were observed. Fig. 8 shows the free edge of the downgrowth epithelium. Epithelial cells had prominent cytoplasmic processes, tonofilaments, and prominent free ribosomes, but mitosis was not found. Cells had relatively few desmosomes with loose attachments between them and microvilli on its anterior chamber surface.
The well established epithelial downgrowth in the centre of the corneal transplant was 5 to 6 layers thick (Fig. 9) . The thickness of this layer was about 11-3 ,um or roughly 1/4 of the thickness of the normal corneal epithelium. The cells had dense cytoplasm and prominent free ribosomes. Cells facing the anterior chamber had tight junctions. At the centre of the graft subepithelial fine collagen fibrils were sometimes observed between Descemet's membrane and endothelium. At this area hemidesmosomes were not well developed (Fig. 10a) . On the other (Fig. 11) . In some areas, at about 0-4 ,um over the anterior chamber surface of the downgrowth epithelium, an interrupted double membrane-like material was observed. These cells also had prominent vesicles and glycogen granules in their cytoplasma. Near the host-graft junction (Fig. 1, case 1, S-3 ) endothelium was already absent, and cell debris was present ahead of the growing epithelium (Fig. 12a) . Fibrillar material was present over epithelial cells with deposits of basement membrane-like material (Fig. 12b) . Undeveloped hemidesmosome-like material was observed.
No goblet cell was found in any specimens.
Discussion
The ultrastructural findings of the downgrowth epithelium of our cases resembled normal corneal epithelium rather than normal conjunctival epithelium.8 9 Comparing the downgrowth epithelium of this case with true corneal epithelium, we found that ultrastructural features were similar but differences seen were as follows: the thickness of the epithelial layer was 1/4 of the thickness of the normal; the shape of the downgrowth epithelium was flatter. The cytoplasma was more dense. The basal cell layer (attached to the Descemet's membrane) of the down- (Fig. 1, case 1, S-3) , endothelium is absent, and cell debris is present. The hemidesmosomes and basement membrane connecting the epithelial downgrowth to the retrocorneal fibrous membrane were well developed (Fig. lOb) . However, undeveloped hemidesmosomes were observed between Descemet's membrane and downgrowth epithelium, especially near the advancing edge (Fig. lOa) . Histologically it appears that attachment of these tissues seemed to be not as strong as normal epithelium attached to Bowman's membrane. The clinical tendency of recurrent epithelial downgrowth13 14 might be supported by this fact.
An interrupted double-membrane-like material about 0-4 tm thick on the anterior chamber surface of the downgrowth epithelium was observed (Fig.  11) . This membrane-like material looked like an osmiophilic (lipid) layer as secreted in the normal epithelium.8 Hogan et al.8 observed single-membranelike material on the surface of the normal epithelium but not double-membrane-like material. The reason for this difference is unknown. In any event the surface cells of the downgrowth epithelium in the anterior chamber appear to secrete this layer, as does the normal epithelium.
The difference in histological features between the downgrowth epithelium in the anterior chamber and normal corneal epithelium on the Bowman's membrane might depend on circumstances such as nutrition (including oxygen), intraocular pressure, osmolar pressure, temperature, and so on.
The endothelium near the incision (host-graft junction) (Figs. 3b, 12a ) had more damage than at the centre of the graft (Figs. 3a, 6 ), a well known fact in corneal grafts 1516 and after cataract extraction. ' 7 It has been suggested that such alteration is necessary for the growing of the epithelial downgrowth.7 18 This is the first report to show the advancing edge of the invading epithelium near the centre of the graft, where fibroblastic endothelium was degenerated but was still present and appeared to be overrun by the former (Fig. 6) . Clinically the speed of progression of the epithelial downgrowth near the host-graft junction was faster than that of the centre of the graft. These findings indicate that the absence of endothelium is not essential to the progression of the epithelium but facilitates the advance of the downgrowth. Case 1 had a keratoplasty and a cataract extraction in the same eye 16 and 9 years ago respectively. Shortly after a repeat keratoplasty epithelial invasion of the posterior cornea developed. Clinically and histologically the host-graft junction at the 10 o'clock position appeared to have a fistula from which the corneal epithelium had invaded the posterior cornea. Therefore the epithelial downgrowth in Case 1 was apparently caused by placing a graft on a thin host cornea, by incomplete host cutting with wound incarceration of Descemet's membrane, and tight and probably perforating sutures. In case 2 the corneal button of the first keratoplasty did not have downgrowth epithelium histologically, so it may have been caused by excessive tension on the 15-year-old cataract wound when the graft was sutured. It has not been reported that epithelial downgrowth occurred through a fistulous cataract suture tract after penetrating keratoplasty. Christensen,2' Kara,22 Dunnington and Regan23 and Dunnington24 reported that excessively tight sutures in cataract wounds caused stromal necrosis and encouraged epithelial growth into the anterior chamber. Since in both cases epithelialisation seemed to occur along suture tracts in very thin or diseased corneas, these cases point to the importance of proper tension and depth of sutures.2 6 18 [23] [24] [25] [26] Care should be taken in the case of a patient who has had previous intraocular surgery. Good alignment of Descemet's membrane between the host and graft 381 group.bmj.com on October 21, 2017 -Published by http://bjo.bmj.com/ Downloaded from at time of surgery, especially when there are differences in corneal thickness, is important. Finally, damage to the donor endothelium must be avoided.
